
7KH (IILFLHQF\ RI 6HTXHQFH�6SHFLILF 6HSDUDWLRQ RI
'1$0L[WXUHV IRU %LRORJLFDO &RPSXWLQJ

-XOLD .KRGRU DQG 'DYLG .� *LIIRUG
/DERUDWRU\ IRU &RPSXWHU 6FLHQFH� 0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRORJ\

$EVWUDFW

:H UHSRUW D VHULHV RI H[SHULPHQWDO REVHUYDWLRQV RQ WKH HIILFLHQF\ DQG ILGHOLW\ RI
VHTXHQFH�VSHFLILF '1$ H[WUDFWLRQ RSHUDWLRQV� :H H[DPLQHG WKH VROXWLRQ�EDVHG
DQQHDOLQJ RI EHDG�ERXQG SUREHV WR WDUJHW PROHFXOHV IROORZHG E\ PDJQHWLF
VHSDUDWLRQ RI WKH DQQHDOHG SUREH�WDUJHW FRPSOH[HV IURP VROXWLRQ� 2XU
H[SHULPHQWV PHDVXUHG KRZ HIILFLHQWO\ D ���PHU SUREH FRXOG EH XVHG WR SXULI\ D
���PHU UDGLRODEHOHG VLQJOH�VWUDQGHG WDUJHW ZLWK YDU\LQJ WDUJHW FRQFHQWUDWLRQV�
2XU UHVXOWV VXJJHVW WKDW ZLWK SHUIHFWO\ KRPRORJRXV SUREHV DQG WDUJHWV� UHFRYHU\
UDWHV RI ����� FDQ EH H[SHFWHG� DQG ZKHQ D WDUJHW LV QRW KRPRORJRXV WR WKH SUREH
OHVV WKDQ �� RI WKH WDUJHW LV UHFRYHUHG� %HFDXVH RXU FRQGLWLRQV ZHUH GHVLJQHG WR
EH LGHDO� WKH UDWHV ZH REWDLQHG PD\ UHSUHVHQW DQ XSSHU ERXQG RQ WKH HIILFLHQF\ RI
VHTXHQFH�VSHFLILF VHSDUDWLRQ RI '1$ PL[WXUHV XVLQJ PDJQHWLF EHDGV�

�� ,QWURGXFWLRQ

$ FHQWUDO SULPLWLYH RSHUDWLRQ IRU '1$ FRPSXWLQJ LV WKH DELOLW\ WR H[WUDFW
PROHFXOHV WKDW FRQWDLQ D GHVLUHG '1$ VHTXHQFH IURP VROXWLRQ� 2QH DSSOLFDWLRQ
RI H[WUDFW LV WR DSSO\ FRQVWUDLQWV WR D PL[WXUH RI PROHFXOHV WKDW UHSUHVHQW SRVVLEOH
DQVZHUV WR D SUREOHP WR ILQG RQH RU PRUH DQVZHU PROHFXOHV WKDW PHHW WKH GHVLUHG
FRQVWUDLQWV�

7ZR ZHOO NQRZQ VHTXHQFH EDVHG DIILQLW\ SXULILFDWLRQ WHFKQLTXHV DUH
DIILQLW\ FROXPQ VHSDUDWLRQ� ZKHUH SUREH '1$ LV LPPRELOL]HG RQ VROLG VXSSRUW�
DQG PDJQHWLF EHDG VHSDUDWLRQ� ZKHUH SUREH '1$ LV IUHH WR FLUFXODWH LQ VROXWLRQ
XQWLO WKH PDJQHWLF ILHOG LV DSSOLHG� GUDZLQJ WKH PDJQHWLF EHDGV DQG SUREH�WDUJHW
FRPSOH[HV DWWDFKHG WR WKH EHDGV WR RQH VLGH RI WKH WHVW WXEH�

0RVW ODERUDWRU\ ZRUN LQ '1$ FRPSXWLQJ >�� �@ KDV XVHG PDJQHWLF EHDG
VHSDUDWLRQ WHFKQRORJ\� ,Q WKLV SUHYLRXV ZRUN WKH SURGXFW RI HDFK VHSDUDWLRQ VWHS
ZDV DPSOLILHG E\ 3&5 EHIRUH WKH DSSOLFDWLRQ RI WKH QH[W VHSDUDWLRQ VWHS� /DWHU
WKHRUHWLFDO ZRUN� VXFK DV WKH VWLFNHU PRGHO DQG WKH UHILQHU\ PRGHO >�@� SURSRVHG
WKH XVH RI VHSDUDWLRQ ZLWKRXW WKH VXEVHTXHQW XVH RI 3&5� 7KH IHDVLELOLW\ RI XVLQJ
VHSDUDWLRQ WHFKQLTXHV ZLWKRXW LQWHUYHQLQJ DPSOLILFDWLRQ GHSHQGV RQ ZKHWKHU WKH
VHSDUDWLRQ WHFKQLTXHV VDWLVI\ FHUWDLQ DVVXPSWLRQV� VXFK DV �� KLJK HIILFLHQF\ RI
VHSDUDWLRQ �ORZ IDOVH QHJDWLYH UDWH�� �� KLJK ILGHOLW\ RI VHSDUDWLRQ �ORZ IDOVH
SRVLWLYH UDWH�� �� WKH HIILFLHQF\ DQG ILGHOLW\ RI VHSDUDWLRQ GR QRW VLJQLILFDQWO\
GHJUDGH ZLWK WKH FKDQJH LQ FRQFHQWUDWLRQ RI WKH WDUJHW PROHFXOH� DQG �� WKH ORVV
RI PDWHULDOV WKURXJK WKH VHSDUDWLRQV LV QHJOLJLEOH� 7KH ODVW WZR DVVXPSWLRQV DUH
SDUWLFXODUO\ LPSRUWDQW LQ WKH FRQWH[W RI WKH UHILQHU\ PRGHO� :KLOH QR FODLPV RQ
WKH VHSDUDWLRQ HIILFLHQF\ KDYH EHHQ PDGH E\ WKH PDQXIDFWXUHUV RI WKH PDJQHWLF
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EHDGV� WKH '1$ FRPSXWLQJ OLWHUDWXUH KDV DVVXPHG �� WR ��� HIILFLHQF\� 7R WKH
EHVW RI RXU NQRZOHGJH� WKHUH H[LVWV QR SXEOLVKHG TXDQWLWDWLYH VWXG\ RI WKH
HIILFLHQF\ RI WKH PDJQHWLF EHDG VHSDUDWLRQ�

,Q WKLV SDSHU ZH LQYHVWLJDWH WKH HIILFLHQF\ RI PDJQHWLF EHDG VHSDUDWLRQ
XQGHU D QXPEHU RI H[SHULPHQWDO FRQGLWLRQV� :H GLVFXVV RXU FKRLFH RI UHDFWLRQ
FRQGLWLRQV DQG SURYLGH D VKRUW VXPPDU\ RI RXU H[SHULPHQWDO SURWRFRO �6HFWLRQ ���
SUHVHQW WKH UHVXOWV RI WKH H[SHULPHQWV �6HFWLRQ ��� GLVFXVV WKH LPSOLFDWLRQV RI RXU
H[SHULPHQWDO UHVXOWV WR FRPSXWLQJ SDUDGLJPV �6HFWLRQ ��� DQG FRQFOXGH WKDW
DPSOLILFDWLRQ VWHSV PD\ EH QHHGHG LQ FHUWDLQ '1$ FRPSXWDWLRQ V\VWHPV LI
VHSDUDWLRQ WHFKQRORJ\ LV QRW LPSURYHG EH\RQG RXU H[SHULPHQWDO REVHUYDWLRQV
�6HFWLRQ ���

�� 0DWHULDOV DQG 0HWKRGV

,Q WKH H[SHULPHQWV GHVFULEHG EHORZ� ZH XVHG '\QDEHDGV 0���� VWUHSWDYLGLQ
EHDGV DQG D 0DJQHWLF 3DUWLFOH &RQFHQWUDWRU �03&� IURP '\QDO� ,QF� $OO
ROLJRQXFOHRWLGHV ZHUH PDQXIDFWXUHG E\ *LEFR %5/�

T-1

P-1

T-2
(40 b)

(20 b)
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(20 b)
P-1

)LJXUH �� 0DWFK SDWWHUQV EHWZHHQ WKH EHDG�DWWDFKHG SUREH 3�� DQG IUHH�IORDWLQJ WDUJHWV
7�� DQG 7���

2XU JRDO LQ GHVLJQLQJ WKHVH H[SHULPHQWV ZDV WR FUHDWH DQ LGHDO VHW RI
FRQGLWLRQV� VR DV WR GLVFRYHU WKH XSSHU ERXQGV RQ WKH HIILFLHQF\ RI PDJQHWLF EHDG
VHSDUDWLRQ� 7R WKDW HQG ZH GHVLJQHG D ���PHU SUREH 3��� ELRWLQ\ODWHG RQ WKH �ª
HQG� 7R PLQLPL]H HIIHFWV RI VWHULF KLQGUDQFH� ZH GHVLJQHG RXU WDUJHW PROHFXOHV WR
EH RQO\ �� EDVHV ORQJ� $V VKRZQ LQ )LJXUH �� 7�� LV D ���PHU� ZKRVH PLGGOH ��
EDVHV DUH DQ H[DFW PDWFK IRU 3��� ZKLOH 7�� LV D ���PHU ZLWK QR DSSUHFLDEOH
PDWFKHV ZLWK 3��� :H DOVR PDQXIDFWXUHG FRPSOLPHQWV RI 7�� DQG 7��� FDOOHG
UHVSHFWLYHO\ 7��& DQG 7��&� 7R PDNH VXUH VHFRQGDU\ VWUXFWXUH SOD\HG QR UROH LQ



-3-

WKH EHKDYLRU RI WKH V\VWHP� DOO ILYH ROLJRQXFOHRWLGHV ZHUH GHVLJQHG WR KDYH QR
DSSUHFLDEOH VHFRQGDU\ VWUXFWXUH� DQG ZHUH WHVWHG IRU LQDSSURSULDWH LQWUDPROHFXODU
LQWHUDFWLRQV�

:H FKRVH UHDFWLRQ FRQGLWLRQV WKDW DUH VLPLODU WR WKRVH WKDW ZRXOG EH
HQFRXQWHUHG E\ .DSODQ >�@� :H XVHG EHDG�ERXQG 3�� DW ���� PRODU� DQG WDUJHW
PROHFXOHV DW ����� PRODU DQG ����� PRODU�

7KH H[SHULPHQWV FRQVLVWHG RI ILYH VWHSV WKDW ZHUH SHUIRUPHG DFFRUGLQJ WR

WKH LQVWUXFWLRQV VXSSOLHG E\ '\QDO� ,QF� :H ILUVW PL[ VROXWLRQV RI 323�ODEHOHG ��
7�� RU 7�� ZLWK 3���FRDWHG PDJQHWLF EHDGV LQ �; 66& EXIIHU� :H DOORZ �� PLQXWHV
IRU WKH UHDFWLRQV WR K\EULGL]H� 6HFRQG� ZH DSSO\ D PDJQHWLF ILHOG� DQG UHPRYH WKH
VXSHUQDWDQW LQWR D §�¨ �QHJDWLYH� VFLQWLOODWLRQ FRXQWHU �6&� YLDO� 7KLUG� ZH ZDVK
WKH SHOOHW WKUHH WLPHV LQ �; 66&� HDFK WLPH UHPRYLQJ WKH VXSHUQDWDQW LQWR WKH §�¨
6& YLDO� )RXUWK� DIWHU DGGLQJ ZDWHU DQG KHDWLQJ DW ��& IRU � PLQXWHV� ZH DSSO\ D
PDJQHWLF ILHOG DJDLQ� WKLV WLPH UHPRYLQJ WKH VXSHUQDWDQW LQWR D §�¨ �SRVLWLYH� 6&
YLDO� 7KH ILIWK DQG ILQDO VWHS LV WR UHVXVSHQG WKH SHOOHW LQ ZDWHU DJDLQ DQG WR
PRYH WKH UHVXVSHQVLRQ LQWR DQ §/¨ �ORVV� 6& YLDO� $OO YLDOV DUH WKHQ FRXQWHG LQ
WKH 6& FRXQWHU IRU � PLQXWHV� RU XQWLO D UHDVRQDEOH OHYHO RI FHUWDLQW\ LV DFKLHYHG�

,Q WKH FDVH ZKHUH ZH XVH 7��� ZH FDQ PHDVXUH WKH UDWH RI IDOVH QHJDWLYHV
E\ PHDVXULQJ WKH DPRXQW RI 7�� HOXWHG LQWR WKH §�¨ YLDO� ,Q FDVH ZKHUH ZH XVH
7��� ZH FDQ PHDVXUH WKH UDWH RI IDOVH SRVLWLYHV E\ PHDVXULQJ WKH DPRXQW RI 7��
HOXWHG LQWR WKH §�¨ YLDO� ,Q ERWK FDVHV ZH FDQ PHDVXUH WKH UDWH RI ORVV E\
PHDVXULQJ WKH DPRXQW RI UDGLRODEHOHG WDUJHW ZKLFK HQGHG XS LQ WKH §/¨ YLDO�
6LQFH WKH SUREH LV LQ PRODU H[FHVV RI DW OHDVW ���[ RYHU WKH WDUJHW LQ DOO
H[SHULPHQWV� ZH H[SHFW RXU VLQJOH�WDUJHW H[SHULPHQWV WR SURYLGH HUURU UDWHV
UHDVRQDEO\ FORVH WR PXOWLSOH�WDUJHW H[SHULPHQWV� 6LQFH ZH NQRZ VLQJOH�VWUDQGHG
'1$ WR EH UDWKHU QRQ�VSHFLILF� LQ WKDW LW SUHIHUV D EDG PDWFK WR QR PDWFK� ZH DOVR
SHUIRUPHG D VHULHV RI H[SHULPHQWV ZKHUH D ODEHOHG WDUJHW ZDV VXSSOHPHQWHG ZLWK
DQ HTXDO FRQFHQWUDWLRQ RI LWV FROG FRPSOHPHQW�

�� 5HVXOWV

:H UHSRUW RQ �� VHSDUDWLRQ H[SHULPHQWV� ([SHULPHQWV GHVLJQHG WR GHWHUPLQH
IDOVH QHJDWLYH UDWHV ZHUH SHUIRUPHG� DV GLVFXVVHG LQ 6HFWLRQ �� IRU WZR GLIIHUHQW
FRQFHQWUDWLRQV ZLWK 7�� E\ LWVHOI �UHSHDWHG WZLFH IRU WKH KLJKHU FRQFHQWUDWLRQ DQG
WKUHH WLPHV IRU WKH ORZHU�� DQG ZLWK RQO\ WKH KLJKHU FRQFHQWUDWLRQ LQ WKH SUHVHQFH
RI 7��& PROHFXOHV �UHSHDWHG WKUHH WLPHV�� 7KRVH H[SHULPHQWV DLPHG DW
GHWHUPLQLQJ WKH IDOVH SRVLWLYH UDWHV ZHUH SHUIRUPHG RQO\ ZLWK WKH KLJKHU
FRQFHQWUDWLRQ RI WKH WDUJHW� ERWK ZLWK �UHSHDWHG WKUHH WLPHV� DQG ZLWKRXW
�UHSHDWHG WZLFH� 7��& SUHVHQW� 7KH YDOXH RI WKH EDVHOLQH 6& FRXQWV ZDV REWDLQHG
E\ DYHUDJLQJ WKH YDOXHV RI �� UXQV RI EODQN VDPSOHV �VDPSOHV WKDW RQO\ FRQWDLQ 6&
IOXLG��
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Target Tube Concentration Positive Negative Loss Control Baseline

(M)

*T-1 1 1.00E-10 118267.28 22393.66 4626.97 944111.06 616.61

3 173159.12 22236.70 5253.00

4 1.00E-12 1668.57 1088.29 608.15 9076.52

5 1797.89 918.35 634.90

6 2155.94 931.33 632.50

*T-2 7 1.00E-10 1231.79 43897.46 1225.59 1010867.81

8 4702.60 44970.43 960.18

9 1611.17 43466.70 822.66

*T-1 & T-1C 13 1.00E-10 107101.15 19034.06 6652.16 944111.06

14 96559.67 11390.36 4836.40

15 175445.78 20507.44 12232.26

*T-2 & T-2C 19 1.00E-10 5862.52 38908.08 2242.21 1010867.81

20 3327.71 38727.52 668.99

7DEOH �� 5DZ GDWD IURP WKH VHSDUDWLRQ H[SHULPHQWV� 9DOXHV LQ FROXPQV §3RVLWLYH�¨
§1HJDWLYH�¨ DQG §/RVV¨ DUH WKH 6& FRXQWHU UHDGLQJV RI WKH FRUUHVSRQGLQJ YLDOV �VHH 6HFWLRQ
��� 9DOXHV LQ WKH §&RQWURO¨ FROXPQ DUH WKH 6& FRXQWHU UHDGLQJV RI WKH VDPH DPRXQW RI
UDGLRDFWLYH WDUJHW DV ZDV SXW LQ WKH FRUUHVSRQGLQJ UHDFWLRQ� 1RWLFH WKDW YDOXHV LQ WKH
§1HJDWLYH¨ FROXPQ UHSUHVHQW RQO\ ����WK RI WKH FRQWHQW RI WKH §�§ YLDO �VHH 6HFWLRQ ���

Target Tube Concentration Positive Negative Loss Control Total Counts Accounted for
(M) Pos+Neg+Loss

*T-1 1 1.00E-10 117650.67 544426.25 4010.36 943494.45 666087.28 70.60%
3 172542.51 540502.25 4636.39 717681.15 76.07%
4 1.00E-12 1051.96 11792.00 0.00 8459.91 12843.96 151.82%
5 1181.28 7543.50 18.29 8743.07 103.35%
6 1539.33 7868.00 15.89 9423.22 111.39%

*T-2 7 1.00E-10 615.18 1082021.25 608.98 1010251.20 1083245.41 107.23%
8 4085.99 1108845.50 343.57 1113275.06 110.20%
9 994.56 1071252.25 206.05 1072452.86 106.16%

*T-1 & T-1C 13 1.00E-10 106484.54 460436.25 6035.55 943494.45 572956.34 60.73%
14 95943.06 269343.75 4219.79 369506.60 39.16%
15 174829.17 497270.75 11615.65 683715.57 72.47%

*T-2 & T-2C 19 1.00E-10 5245.91 957286.75 1625.60 1010251.20 964158.26 95.44%
20 2711.10 952772.75 52.38 955536.23 94.58%

7DEOH �� $GMXVWHG GDWD IURP WKH VHSDUDWLRQ H[SHULPHQWV� 'DWD IURP 7DEOH � KDV EHHQ
DGMXVWHG IRU EDFNJURXQG DQG VFDOHG �§1HJDWLYH¨ FROXPQ�� 7RWDO FRXQWV �WKH VXP RI
DGMXVWHG DQG VFDOHG §3RVLWLYH�¨ §1HJDWLYH�¨ DQG §/RVV¨ YDOXHV�� DQG WKH SHUFHQWDJH RI
FRQWURO YDOXHV WKH\ UHSUHVHQW KDYH DOVR EHHQ FDOFXODWHG�

7DEOH � VKRZV WKH UDZ 6& FRXQWV IURP WKH H[SHULPHQWV� ZKLOH 7DEOH �
VKRZV GDWD DGMXVWHG IRU WKH EDVH FRXQWV� 1RWLFH WKDW WKH /RVV FRXQWV IRU WXEH � LQ
7DEOH � DUH EHORZ WKH EDFNJURXQG� 6LQFH UDGLRDFWLYH GHFD\ LV D 3RLVVRQ SURFHVV�
LWV HUURU IXQFWLRQ LV WKH VTXDUH URRW RI LWV YDOXH >�@� 7KH DPRXQW E\ ZKLFK /RVV
FRXQWV LQ WXEH � DUH EHORZ WKH EDFNJURXQG LV ZLWKLQ WKH VTXDUH URRW HUURU DQG�
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LQGHHG� ZLWKLQ WKH ��� HUURU FRPPRQO\ FRQVLGHUHG DFFHSWDEOH� :H WKHUHIRUH
UHSODFH WKH QHJDWLYH QXPEHU WKDW ZRXOG KDYH DSSHDUHG LQ WKH WXEH � /RVV VSDFH
LQ 7DEOH � ZLWK ��

Target Tube Concentration Recovery, p  Negative,
q

Negative
error

Positive
error

Loss False
negative, e-

False positive,
e+

(M) Pos/Total Neg/Total Neg/Total Pos/Total Loss/Total N-error+Loss P-error+Loss
*T-1 1 1.00E-10 17.66% 81.73% 0.60% 82.34%

3 24.04% 75.31% 0.65% 75.96%
4 1.00E-12 8.19% 91.81% 0.00% 91.81%
5 13.51% 86.28% 0.21% 86.49%
6 16.34% 83.50% 0.17% 83.66%

*T-2 7 1.00E-10 99.89% 0.06% 0.06% 0.11%
8 99.60% 0.37% 0.03% 0.40%
9 99.89% 0.09% 0.02% 0.11%

*T-1 & T-
1C

13 1.00E-10 18.59% 80.36% 1.05% 81.41%

14 25.97% 72.89% 1.14% 74.03%
15 25.57% 72.73% 1.70% 74.43%

*T-2 & T-
2C

19 1.00E-10 99.29% 0.54% 0.17% 0.71%

20 99.71% 0.28% 0.01% 0.29%

7DEOH �� (IILFLHQF\� ILGHOLW\� DQG HUURU UDWHV RI PDJQHWLF EHDG VHSDUDWLRQ KDYH EHHQ
FDOFXODWHG IURP WKH H[SHULPHQWDO GDWD LQ 7DEOH ��

)LQDOO\� 7DEOH � VKRZV WKH FDOFXODWHG HIILFLHQFLHV DQG HUURU UDWHV IRU WKH
DERYH H[SHULPHQWV� ,W LV FRQYHQLHQW WR GHILQH VHYHUDO WHUPV DW WKLV SRLQW� ,Q D
VHSDUDWLRQ UHDFWLRQ� OHW S EH WKH SUREDELOLW\ WKDW D PDWFK LV LGHQWLILHG DV VXFK� T
WKH SUREDELOLW\ WKDW D PLVPDWFK LV LGHQWLILHG DV VXFK� H� IDOVH QHJDWLYH UDWH� H� IDOVH
SRVLWLYH UDWH�

,W LV HDV\ WR REVHUYH IURP WKH H[SHULPHQWDO GDWD WKDW S� T� H�� DQG H� DOO
FKDQJH ZLWK WKH YDULDWLRQV LQ WKH WDUJHW FRQFHQWUDWLRQ� $GGLQJ FRPSOHPHQW RI WKH
WDUJHW WR WKH UHDFWLRQ VHHPV WR KDYH D VPDOO HIIHFW RQ WKH YDOXHV RI LQWHUHVW� 0RUH
H[SHULPHQWV DUH QHHGHG WR SUHFLVHO\ FKDUDFWHUL]H WKH HIIHFW RI DGGLQJ WKH
FRPSOHPHQW� RU DQ\ RWKHU '1$ VWUDQG� RQ WKH EHKDYLRU RI D PDJQHWLF EHDG
VHSDUDWLRQ UHDFWLRQ�

�� 'LVFXVVLRQ

2XU H[SHULPHQWDO GDWD LQGLFDWHV WKDW WKH HIILFLHQF\ DQG ILGHOLW\ RI WKH PDJQHWLF
EHDG VHSDUDWLRQ UHDFWLRQV DUH GHSHQGHQW RQ WKH LQLWLDO FRQFHQWUDWLRQ RI WDUJHW
PROHFXOHV� )XUWKHUPRUH� WKH H[SHULPHQWDO GDWD LQGLFDWHV WKDW ZKLOH ILGHOLW\ �T� RI
WKH SURWRFRO LV RYHU ���� WKH HIILFLHQF\ �S� LV EHWZHHQ � DQG ����

/RZ VHSDUDWLRQ HIILFLHQF\� S� PD\ EH WURXEOHVRPH LQ WKH FRQWH[W RI PRGHOV
VXFK DV WKH VWLFNHU PRGHO >�@� ZKLFK UHO\ RQ SHUIRUPLQJ D ODUJH QXPEHU RI
VHTXHQWLDO VHSDUDWLRQV ZLWKRXW LQWHUYHQLQJ '1$ DPSOLILFDWLRQ VWHSV� :KLOH WKH
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ILGHOLW\ RI VHSDUDWLRQ� T� LV KLJK� VHTXHQWLDO VHSDUDWLRQV WR LQFUHDVH ILGHOLW\ ZLOO
UHVXOW LQ VXEVWDQWLDO WDUJHW ORVVHV�

)RU H[DPSOH� LI LW LV GHVLUHG WR KDYH PRUH SUREH�KRPRORJRXV §JRRG¨ WDUJHW
PROHFXOHV DIWHU WKH VHSDUDWLRQ WKDQ QRQ�KRPRORJRXV §EDG¨ WDUJHW PROHFXOHV� WKHQ
PXOWLSOH VHSDUDWLRQ VWHSV PD\ EH UHTXLUHG� 0XOWLSOH VHSDUDWLRQ VWHSV ZLOO EH
UHTXLUHG ZKHQ WKH VWDUWLQJ UDWLR RI §JRRG¨ WR §EDG¨ WDUJHWV LV OHVV WKHQ ���T��S �
6XSSRVH WKDW RULJLQDO PL[WXUH FRQVLVWV RI 0 PROHFXOHV DOWRJHWKHU� * JRRG� DQG %
EDG� 7KHQ DIWHU WKH VHSDUDWLRQ� WKH WXEH ODEHOHG §JRRG¨ ZLOO FRQWDLQ 0ª S* � ���
T�% PROHFXOHV� RI ZKLFK S* ZLOO EH JRRG� DQG ���T�% ZLOO EH EDG� $V ZH KDYH
DVVXPHG DERYH WKDW *�% � ���T��S� WKHQ 0ª ZLOO FRQVLVW RI ����T�% JRRG PROHFXOHV�
DQG ���T�% EDG PROHFXOHV� 7KLV ZRXOG QHFHVVLWDWH WKH XVH RI VHTXHQWLDO
VHSDUDWLRQV ZKLFK ZRXOG IXUWKHU GHFUHDVH WKH \LHOG RI WKH SURWRFRO� QHFHVVLWDWLQJ
WKH XVH RI '1$ DPSOLILFDWLRQ�

,Q 6HFWLRQ � ZH RXWOLQHG VRPH RI WKH EDVLF DVVXPSWLRQV PDGH E\ WKH
PRGHOV ZKLFK SURSRVH WR HPSOR\ VHSDUDWLRQV ZLWK QR LQWHUYHQLQJ '1$
DPSOLILFDWLRQ VWHSV� 2XU UHVXOWV VXJJHVW WKDW �� S KDV D PRGHUDWH YDOXH� ZKLFK
PD\ UHTXLUH '1$ DPSOLILFDWLRQ EHWZHHQ VHSDUDWLRQ VWHSV� �� T LV UHODWLYHO\ KLJK�
EXW FDQ VWLOO SUHVHQW SUREOHPV GXH WR PRGHUDWH S� �� S DQG T DSSHDU FRQFHQWUDWLRQ�
GHSHQGHQW� �� WKH ORVV RI WKH WDUJHW PROHFXOHV LV DSSUHFLDEOH� 7KH ODVW SRLQW LV
LPSRUWDQW� VLQFH LW UHVWULFWV WKH QXPEHU RI FDVFDGHG VHSDUDWLRQV� DQG� LQ WKH FDVH RI
WKH UHILQHU\ PRGHO >�@� WKH ZLGWK RI WKH FRPSRXQG VHSDUDWRU XQLW�

7KH UHILQHU\ PRGHO ZLOO QHHG WR EH DQDO\]HG IXUWKHU LI LW LV EDVHG RQ WKH
PDJQHWLF EHDG VHSDUDWLRQ >�� �@� 7KLV LV GXH WR WKH DSSDUHQW GHSHQGHQF\ RI
HIILFLHQF\� S� DQG ILGHOLW\� T� RI VHSDUDWLRQ RQ WKH FRQFHQWUDWLRQ RI WKH WDUJHW
PROHFXOHV� 7KLV GHSHQGHQF\� FRPELQHG ZLWK WKH PRGHUDWH YDOXH RI S �ZKLFK
ZRXOG IRUFH WKH GURSV LQ WKH FRQFHQWUDWLRQ RI WDUJHW�� ZRXOG QHFHVVLWDWH WKH XVH RI
WKH JHQHUDWLQJ IXQFWLRQV LQ WKH SUREDELOLW\ FDOFXODWLRQV RI WKH UHILQHU\ PRGHO�
$OVR� WKH IDFW WKDW S DQG T DUH YDVWO\ GLIIHUHQW ZRXOG IRUFH WKH SUREDELOLW\
FDOFXODWLRQ IRUPXODV LQ WKH UHILQHU\ PRGHO WR EH H[SDQGHG WR UHIOHFW WKDW
GLIIHUHQFH�

$V GLVFXVVHG LQ $PRV� HW DO� >�@� VRPH DXWKRUV WKDW DQDO\]H WKH FRPSOH[LW\
RI '1$ FRPSXWLQJ GR QRW WDNH LQWR DFFRXQW DOO RI WKH VWHSV WKDW DUH UHTXLUHG WR
SHUIRUP D FRPSXWDWLRQ� DQG WKXV WKHLU DQDO\VHV XQGHUHVWLPDWH H[SHFWHG
FRPSOHWLRQ WLPHV� %DVHG RQ RXU H[SHULPHQWDO GDWD� FRPSOH[LW\ PHDVXUHV RI '1$
FRPSXWDWLRQV PD\ QHHG WR DFFRXQW IRU DGGLWLRQDO VWHSV RI '1$ DPSOLILFDWLRQ LI
VHTXHQFH RI VHSDUDWLRQV LV HPSOR\HG�

�� &RQFOXVLRQV

:H SUHVHQWHG WKH H[SHULPHQWDO GDWD WKDW VKRZ WKDW LQ PDJQHWLF EHDG VHSDUDWLRQ
RQH FDQ H[SHFW HIILFLHQF\ RI � WR ���� DQG ILGHOLW\ RI PRUH WKHQ ���� :H KDYH
REVHUYHG WKDW WKH HIILFLHQF\ DQG ILGHOLW\ RI WKH VHSDUDWLRQ GHSHQG RQ WDUJHW
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FRQFHQWUDWLRQV� %DVHG RQ RXU UHVXOWV� LW DSSHDUV WKDW '1$ DPSOLILFDWLRQ� VXFK DV
3&5� PD\ EH UHTXLUHG LQ FHUWDLQ W\SHV RI '1$ FRPSXWLQJ DSSOLFDWLRQV�

$FNQRZOHGJPHQWV

7KLV SDSHU KDV LWV RULJLQV LQ WKH FODVV SURMHFW IRU &RPSXWHU 6FLHQFH DQG 0ROHFXODU
%LRORJ\� WDXJKW DW 0,7 E\ 3URI� 'DYLG .� *LIIRUG DQG 3URI� %RQQLH %HUJHU� :H
ZRXOG OLNH WR WKDQN WKH UHVW RI WKH WHDP ZKLFK ZRUNHG RQ WKH FODVV SURMHFW¦
$OH[DQGHU +DUWHPLQN� %UDG /LFKWHQVWHLQ� 0DUL\D 0LQNRYD� DQG 3HWHU 6]LODJ\L� DOO
RI 0DVVDFKXVHWWV ,QVWLWXWH RI 7HFKQRORJ\� 7KH DXWKRUV ZRXOG DOVR OLNH WR WKDQN
'U� %UHQWRQ 5� *UDYHOH\ RI +DUYDUG 8QLYHUVLW\ IRU KLV H[SHUW DGYLFH RQ PDJQHWLF
EHDG VHSDUDWLRQ� DQG 3URI� 'RXJODV 0HOWRQ RI +DUYDUG 8QLYHUVLW\ IRU SURYLGLQJ
ODERUDWRU\ VSDFH DQG UHVRXUFHV IRU SHUIRUPLQJ H[SHULPHQWV GHVFULEHG LQ WKLV
SDSHU� ,Q DGGLWLRQ� .KRGRU JUDWHIXOO\ DFNQRZOHGJHV WKH VXSSRUW RI WKH *HQRPLFV
7UDLQLQJ *UDQW�
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YLDELOLW\ RI '1$ FRPSXWDWLRQV �([WHQGHG GUDIW�
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>�@ 3HWHU .DSODQ� *XLOOHUPR &HFFKL� $OEHUW /LEFKDEHU� 0ROHFXODU FRPSXWDWLRQ�
$GHOPDQªV H[SHULPHQW UHSHDWHG� �����
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0\URQ )� *RRGPDQ� 3DXO :� .� 5RWKHPXQG� /HRQDUG 0� $GHODPDQ� $
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